Fashion industries are highly globalized as designing, manufacturing and selling are performed in different countries. As a result, it has a long supply chain and long lead time. Identification of value-added time through-out the supply chain is a key research area in apparel industries. This case study investigated detailed activities of thirty contracts of an apparel supply chain by considering the manufacturer as a coupling point of upstream (suppliers) and downstream (buyer). The contract frequencies were analyzed based on lead time and quantity. Each contract was analyzed using a time-based process mapping (TBPM). TBPMs of all contracts showed that overall 45% were non-value-added activities throughout the chain. It was also identified that the non-value activities were independent of the contract volume. This study recommends time compression methodology to reduce the non-value-added activities by using advanced manufacturing technologies. The methodology and recommended time compression ways of this study can be applied to other supply chains.
Introduction
The clothing sector is now requiring frequent and trendy product changes in stores, quick response to trendy product development according to customer preferences (Martínez et al., 2015) . Contrary, these fashion industries are highly globalized as its operations throughout the supply chain from design to manufacturing, and finally, selling are performed in different countries (Čiarnienė and Customers do not care much about how a company gets the order and deliveries of a product (Moin et al., 2018) . To satisfy the customers there are three competitive dimensions, i.e. price, product differentiation and delivery time, which depends on the lead time (Magnusson and Simonsson, 2012) . This lead time can be divided in many ways. In most common practice, lead-time typically includes two components: Information lead times (i.e., the time it takes to process an order) and Order lead times (i.e., the time it takes to produce and ship the item). Nowadays, time became the most important factor in this competitive business environment. Several strategies are employed by different companies to reduce the lead time (Pine et al., 1993) . For example, information lead time can be reduced by using very sophisticated and modern communication system while Order lead time can be reduced through efficient supply chain management (Simchi-Levi et al., 2008) . Different time compression strategies, their goals and effects on lead time based on the age of the business are summarized in Table 1. One of the effective ways to reduce the lead time is Time-based study. The term time-based study first appeared in the open literature in 1988 (Stalk, 1988) . Time-based competition is a strategy by which a firm makes better use of time as a resource to acquire a competitive advantage. It seeks to compress the time required to Propose, Develop, Manufacture, Market and Deliver its products (Qunhui and Yang, 2011) . To get such time-based advantages it is necessary to shorten the lead time as much as possible. There are two measures prior to implementing time-based strategies-i) Timeliness-to-market (this includes Fast-to-market, Fast-to-produce and Early withdraw the product from the market) and ii) Measure of 'P time' and 'D time'. P time measures the time needed for all the necessary processes and delivers that product to the customer (generally known as Lead time). D time measures the time for which a customer is willing to wait to have their demand fulfilled (Harrison and Hoek, 2011) .
For managing timeliness or reducing the gap between P time and D time in the logistics pipeline several strategies are in practiced like make to order (MTO) and assemble to order (ATO) which consider a customer order decoupling point (CODP). MTO is a branch of Lean Manufacturing philosophy where manufacturing starts only after receiving the customer's order (Kabaivanova, 2015) . This is a Pull type production system an oppose to a Push type production system like Make to Stock (MTS). ATO is a similar pull-type production system where assembly starts only after a demand is created (Song and Zipkin, 2003) . A Time-Based Process Map (TBPM) identifies the value-adding and non-value adding activities on a supply chain and guides the user for generating short term and long-term solution (Harrison and Hoek, 2011) . A methodical framework for implementation of Time-based strategies is shown in Figure 1 . Every process mapping including TBPM demonstrates the information flows and the physical flows together (Bicheno and Holweg, 2000) . TBPM is one of the seven mapping tools of 'Seven Value Stream Mapping Tools' (Gracanin et al., 2014) . 'Seven Value Stream Mapping Tools' includes: (i) Process activity mapping, (ii) Supply chain response matrix, (iii) Production variety funnel, (iv) Quality filter mapping, (v) Demand amplification mapping, (vi) Decision point analysis and (vii) Physical structure mapping such as Value stream costing, Cost-time and TBPM (Chapman, 2003) . For the application of Physical structure mapping, cost and quality cannot be measured properly due to the poor understanding of costs and quality in reality (Harrison and Hoek, 2011) . Whereas time can be measured easily and that everyone understands, even people with minimal training can measure the performance of processes or activities of any large issues in terms of time. Hence TBPM fits well to all kind of process more than a cross-functional toolbox of Seven Value Stream Mapping Tools. The application of TBPM was used to a range of industrial sectors including aerospace and construction, textile supply chain and automotive industries to decrease the lead time in production (Forza and Filippini, 1993) .
Generally, all participants of a supply chain (manufacturers, suppliers, buyer and retailers) have their own and individual core competencies. When all the partners merge and conjunct their individual competencies, they can achieve their goals. The time-based strategy for Quick Response also becomes a great premium for both the organization and supply chain level. To achieve timebased competitive advantages, this case study adopts time-based process mapping (TBPM), an effective tool to create the visibility of value-adding and non-value adding time across the network.
The Supply Chain under Investigation
This case study focused on an apparel supply chain, of which upstream, downstream and manufacturer are located in different countries. The manufacturer is performing as a coupling point of upstream (Suppliers) and downstream (Buyers). In this supply chain, the buyer has direct linkages with consumers through his own retail outlet. Hence the buyer develops the forecasted styles through a manufacturer and manufacturer produces those styles by collecting required materials from suppliers. After developing a style, a corresponding contract is placed by the buyer to the manufacturer and the contract is executed through all supply chain participants. The chain structure is shown in Figure 2 . It should be noted that no MTO or ATO strategy is applied currently on this supply chain. However, the authors of this manuscript offered an improved supply chain in the recommendation section. 
Methodology
Thirty contracts for the year 2017 of an apparel supply chain was collected. The activities for forecasting and product development were excused due to business confidentiality. Data on those contracts having different quantity for different product styles and different lead time were collected ( Table 2 ). All contracts were categorized according to quantity and number of days in lead time. In addition to that, each contract was also analyzed through Time Based Process Mapping (TBPM). By doing so, the non-value-added items were identified in the supply chain and the lead time was reduced by eliminating the non-value-added items. For example, a TBPM of a contract (no. 19 in Table 2 ) is shown in Figure 3 . Thirty-seven activities were identified through TBPM and divided into five phases. Due to business confidentiality style no., activity start date and end date are not shown in Figure 3 .
Data Analysis
The example shows that the TBPM for contract 1xxxxxx shows that total lead time for the contract was 136 days and among those 85 days for value-added and 51 days were non-value added. To identify value-added activities, the value gaining activities by supply chain participants were considered rather than the value-added to products. As for example, transportation activities are not adding any value to products but when products transport to profitable market helps the supply chain to gain more profits. So, only delayed or waiting were considered as non-value-added activities. Some value-added concurrent activities were also found but for those activities, time was calculated once. Phase wise value-added (VA) and non-value-added (NVA) activity days were calculated from the TBPM of each contract and tabulated in Table 3 .
Contract Variation
The quantity of the selected contracts ranges from 2251 to 25264 pieces and those are divided into five groups according to quantity. The following Figure 4 shows the contract frequencies in each group and found that contract frequencies are more for a smaller quantity. The lead time of those contracts spans from 133 to 179 days with an average of 155.23 days and divided into five groups also. Among the contracts, 60% had lead time less than the average of lead time and 40% above the said. This is also a similar phenomenon like the number of contracts, i.e. contract frequencies are more for shorter lead time. 1  13  13  23  10  3  149  3  18  37  13  9  10  12  14  23  10  4  147  3  25  34  20  4  2  20  6  23  10  5  160  3  18  32  18  6  7  24  19  23  10  6  151  3  18  34  16  6  3  15  24  22  10  7  171  3  18  38  29  6  18  23  3  23  10  8  165  3  18  32  31  6  1  19  22  23  10  9  155  3  25  38  16  4  0  11  25  23  10  10  153  3  18  31  19  5  3  21  19  24  10  11  152  3  25  35  19  6  8  22  2  22  10  12  178  3  26  36  13  10  39  19  0  22  10  13  179  3  26  46  49  2  4  12  6  22  9  14  162  3  26  43  10  10  8  27  1  24  10  15  179  3  13  35  19  11  36  22  7  23  10  16  133  3  13  34  20  5  1  14  11  22  10  17  148  3  21  33  13  7  17  17  4  23  10  18  147  3  20  30  14  10  23  11  4  22  10  19  136  3  20  34  10  7  11  19  0  22  10  20  151  3  20  39  25  6  5  17  3  23  10  21  179  3  13  31  23  10  49  16  2  23  9  22  135  3  21  29  17  4  3  16  8  24  10  23  149  3  21  32  22  5  2  30  1  23  10  24  174  3  10  35  24  12  31  20  5  24  10  25  134  3  10  36  29  3  0  16  4  23  10  26  165  3  27  41  24  5  0  21  12  22  10  27  148  3  24  39  18  6  6  17  3  22  10  28  156  3  20  36  26  4  6  19  8  24  10  29  143  3  20  33  21  6  2  16  10  22  10  30  139  3  11  35  31  2  6  14  5  22  10 From Figure 5 , it is found that the average non-value-added activities of the process in the supply chain range from 42% to 49% for led time contract variation and 43% to 48% for product quantity contract variation. The average value-added time of 30 contracts is found 56% according to the lead time. The non-value added (NVA) and value-added (VA) activities of each category (lead time vs quantity) are very similar. So, it can be said that the length of lead time and quantity in each contact does not influence the non-value added and value-added activities percentages. Among the five phases, Order confirmation phase and Material sourcing phase have long waiting time and in both cases, it is 13% of the total lead time. It is found that overall of 44% of lead time was lost in non-value-added activities. The percentage of non-value activities against each phase was also studied and shown in Figure 6b . Around 60% of the NVA happened during the order confirmation and material sourcing phase.
Discussion and Recommendations
In the first phase (order confirmation phase), monetary issues slower the process and TBPM in Figure 3 show that 20 days (around 15 % of the total lead time) are non-value-added time. For all thirty contracts, NVA is 13% of the total lead time and 29% of the total non-value-added time ( Figure 6 ). The second phase (material sourcing) is the longest period where 11 out of 37 activities took place. Major activities in this phase are fabric production and shipment of fabric to apparel manufacturer. Figure 3 shows that these major activities conceive 31 days (around 23 % of the total lead time), other value-added activities conceive only 04 days and non-value-added activities conceive time 10 days. Sample confirmation phase is complicated to distinguish because of parallel activities within the phase and with other phases (predecessor and successor). Figure 3 shows that this is the shortest one and non-value-added time (11 days) is greater than the value-added time (07 days). For all thirty contracts, it is found similar as shown in Figure 6 . For the apparel production phase, all the items were found to be value-added activities without having a waiting time ( Figure  3 ). However, overall 6% NVA was identified for this phase (Figure 6 ) when considering all the thirty contracts. Figure 3 also shows the last one is shipping phase where transportation to destination time is 22 days (around 16% of the total lead time) and waiting time is 10 days (around 7 % of the total lead time). A very similar result was also found when considering all thirty contracts as shown in Figure 6 . Contract frequencies are higher for the smaller quantity with comparatively shorter lead time i.e. the supply chain under investigation faces the volatile market behavior regarding high product variety and shorter lead time. Additionally, the buyer follows a long forecast period throughout the chain. The longer forecast always increases the risk of forecasting error which may result in high stocks in-store as well as stock out from the market. Higher inventory in the store will decrease the business performance due to an increase in inventory holding cost and a decrease in capital flow. Stockout and late replenishment of products also decrease business performance as a result of losing the market share and valuable customer. A short supply chain is recommended for the apparel industry under investigation as the fashion market is volatile and fashion product lifecycle is short. With shorter lead time, the forecasting period can be shorter which ultimately reduces the risk of forecasting error. Which ultimately increases the buyers' capacity to replenish quickly.
It is also recommended that the supply chain follow true MTO strategy where the D time (the time a customer is willing to wait) is equal to the P time (total lead time). In every phase, there are scopes to reduce P time. By using advanced information technology and long-term relationship with corresponding financial institutes the non-value-added time in order confirmation phase can be eliminated. Again, the commitment and continuous long-term relationship among the supply chain participants may establish a trustworthy business relationship which will also help the chain to minimize the non-value-added time in the order confirmation phase.
The P time for sample confirmation phase can be shortened with the empowerment of all participants in the supply chain. The participation of all the parties (through organizational learning) within the supply chain in forecasting and product development will reduce forecasting error. Organizational leanings will develop the capability of fabric producers to develop a new fabric during the order confirmation phase before the material sourcing phase as a concurrent activity. In this way, the waiting time (NVA) for the material sourcing phase can be eliminated and the lead time (P time) of this phase can be shortened. Additionally, vendor managed inventory system and empowerment of vendor will help this supply chain to shorten lead time. A modified supply chain as opposed to the current supply chain (Figure 2 ) by introducing a customer order decoupling point (CODP) to the manufacturer is recommended as shown in Figure 7 . As a result, the P time will become equal to the D time. Figure 7 . The modified supply chain structure of the current case study with the introduction of CODP A further improvement of the supply chain can be achieved by introducing scope for quick replenishment of an old style with a new one through a concurrent and parallel production of various styles as shown in Figure 8 . In this way, the performance of timeliness-to-market will be increased by fast-to-market and early withdraw a product from the market. When style -1 entered the market earlier it can be withdrawn earlier. A high-profit margin can be achieved as well as the invested capital becomes free earlier. This free capital can be re-inverted for the new style-n.
Freeing the capital and gaining the high profit motivates the supply chain participants to develop a new product. In the shipping phase, the non-value-added time can be also minimized with proper planning for transportation schedule, which will reduce waiting time in various stations. 
Conclusion
The apparel supply chain facing tough and global competition for their products even in case of basic items. The competitive issues are price, quality and availability. These three issues are always related to cost and time. Utilization of time along with other resources determines the supply chain performance. The Time-based process mapping is an effective tool to diagnose the process which able the supply chain to take initiatives for better utilization of time. The study reveals that from ordering to retailing there are 44% to 45% non-value-added time. The study recommends minimizing this non-value-added time with the introduction of CODP by following an MTO strategy. This MTO strategy can be achieved by the use of advanced information, manufacturing and operational technology in planning, manufacturing, integration and collaboration of different participants of the supply chain. The study also recommends different ways for quick replenishment of the product by a concurrent and parallel production of various styles. The methodology and recommended time compression ways of this study can be applied to other supply chains.
